I tested whether elevated [CO 2 ] affected which genotypes of Taraxacum officinale had highest fitness in two field experiments. In one experiment, T. officinale plants which persisted as weeds in alfalfa plots in open top chambers at ambient and elevated [CO 2 ] were compared. In a second experiment, T. officinale seeds collected from local habitats were mixed and scattered in open top chambers at ambient and elevated [CO 2 ], and plants producing seeds after one and two years in monocultures were compared. In both experiments seeds produced in each chamber were collected, and many plants from the seed lot from each chamber were grown in controlled environment chambers to test whether the [CO 2 ] of the chamber of origin affected the mean value of various plant parameters. In both experiments, the results indicated that field exposure to elevated [CO 2 ] altered the relative fitness of genotypes. Elevated [CO 2 ] favored genotypes which produced biomass more rapidly at elevated [CO 2 ] in both experiments, primarily because of faster rates of leaf initiation. The results suggest that genotypes of this species vary widely in fitness at elevated [CO 2 ] whether grown in monocultures or in mixed communities, and that this species could adapt rapidly to rising atmospheric [CO 2 ].
Introduction
The concentration of carbon dioxide in the atmosphere ([CO 2 ]) increased from about 280 mol·mol -1 in 1900 to about 390 currently primarily because of increased CO 2 emissions caused by human activities, and continues to rise exponentially. Projected levels of atmospheric [CO 2 ] over the current century (e.g. up to 1000 mol·mol -1 ) usually increase biomass accumulation rates of C 3 species, at least in non-competitive situations. Differences among species in the degree of growth stimulation have long been recognized, and have implications for competition and for the species composition and the functioning of future ecosystems.
Intraspecific differences in growth stimulation by elevated [CO 2 ] have also been found in many species [1] , including crops e.g. [2] [3] [4] , trees [5] , and Arabidopsis [6, 7] . Intraspecific differences in fitness at elevated [CO 2 ] could lead to evolutionary changes within species as atmospheric [CO 2 ] rises. It remains unclear whether evolution at elevated [CO 2 ] would result in increased rates of biomass accumulation at elevated [CO 2 ], which could affect processes as diverse as the global carbon cycle and crop-weed competition. Studies of genotypes growing near CO 2 springs have shown that such genotypes sometimes have faster growth rates when grown at elevated [CO 2 ] than local control genotypes, e.g. [8] [9] [10] [11] . In contrast, selection at elevated [CO 2 ] did not increase rates of biomass accumulation at elevated [CO 2 ] in Abutilon theophrasti [12] , Arabidopsis thaliana [6] , Bromus erectus [13] , or Sanguisorba minor [14] . However, the studies on Arabidopsis thaliana and Abutilon theophrasti were conducted indoors, and in both Bromus erectus and Sanguisorba minor there was no growth stimulation by elevated [CO 2 ]. It has been suggested that whether or not adaptation to elevated [CO 2 ] would favor faster rates of biomass accumulation might depend on the degree of competition during the selection [12, 13] . With the exception of adaptation to elevated [CO 2 ] favoring a shorter life cycle and lower respiration in A. thaliana [15] 2 ] treatment was applied at all times except when the ground was covered with snow. Details of chamber design and operation and plot maintenance are given in [17] . Chambers received only natural rainfall. All plant material in the chambers was cut to 5 cm height approximately every 26 days during spring, summer and fall. T. officinale plants became naturally established in all chambers from local seeds, but always constituted less than 15% of the harvested biomass. All seeds of T. officinale which were produced in the chambers during the third year (2007) were collected separately for each chamber, dried for a few days in air and then stored in a refrigerator until testing of the seed lots in indoor controlled environment chambers. There were at least 10 T. officinale plants in each chamber producing flowers in the third year.
Monoculture Experiment
In another experiment, individual seed heads from 40 widely spaced T. officinale plants were collected in the spring of 2005 from each of four local habitats in Beltsville, Maryland. The habitats were a frequently mowed lawn, a field used for annual crops, in which maize was grown the prior season, a meadow which had been mowed about three times per year for many years, and an apple orchard established about ten years prior to collecting seeds. Seeds from all four environments were thoroughly mixed, and after reserving some of the seeds for characterizing the variation within the mixed seed lot in indoor chambers, the seeds were scattered on the surface of recently tilled soil in four open top chambers on May 16, 2005 . Each open top chamber covered 1.9 m 2 ground. Two of the chambers were flushed continually with air drawn from outside the chamber, and two of the chambers were flushed with air at the same rate to which pure 2 ] treatment was applied at all times except when the ground was covered with snow. Plants other than T. officinale were removed by hand. The chambers were not irrigated. Air samples from each chamber were sequentially pumped through an infrared CO 2 analyzer in an adjacent air conditioned shelter for recording chamber [CO 2 ]. Flow rates of CO 2 were adjusted daily as necessary. At least 50 plants in each chamber produced flowers in the first year of the experiment, and there were more plants in each chamber in the second year. Seeds were collected from every seed head produced in all chambers during the first year after seeding, and also separately in the second year after seeding. During the first year, approximately half of the seeds from each seed head were collected, and the other half dispersed within the chamber. This was to allow seedling recruitment to occur from the seeds produced in the first year. In the second year, all seeds were collected, since the experiment was to be terminated and there was no need to allow recruitment from the seeds produced. Seeds were pooled within a chamber each year, air dried a few days and stored in a refrigerator for later testing.
Testing of Seed Lots
For the initial mixed seed lot from the four local habitats and for both of the field experiments, seed lots were tested in controlled environment chambers with 21˚C/15˚C day/night temperatures. There were 13 h per day of light at 1000 mol m -2 ·s -1 photosynthetically active radiation. The temperatures and day length were selected as representative of spring conditions in Maryland, when T. officinale has its most rapid growth. Plants were grown one per pot in peat moss, watered daily, and fertilized with a slow release complete fertilizer. The chambers were controlled either at 370 ± 10 or 720 ± 10 mol·mol -1 [CO 2 ]. Plants from the initial mixed seed lot were only grown at 370 mol·mol -1 [CO 2 ], in three successive plantings in one chamber. At each planting, there were 32 pots. About 10 seeds were planted in each pot, and emerged seedlings were randomly thinned to one per pot. Plants were grown for up to 45 days, and all remained vegetative. The primary focus was on characterizing leaf physiology and plant morphology, rather than plant growth rates. Plants were therefore measured and destructively harvested as soon as successive leaves were the same size and shape (30 to 45 days). Photosynthesis (A), stomatal conductance (g s ) and sub-stomatal carbon dioxide (C i ) were measured inside the growth chamber on intact leaves under the daytime growth conditions of temperature, humidity, [CO 2 ], and at a saturating PPFD of 1500 mol m -2 ·s -1 , using a CIRAS-2 portable leaf gas exchange system (PP Systems, Amesbury, MA). Measurements Copyright © 2012 SciRes. AJPS
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were conducted on the most recently fully expanded leaves, which tests showed had the highest rates of any leaves on the plants. After measuring leaf gas exchange, the length, maximum width, area and dry mass of that leaf were determined, along with the total plant leaf area and the dry mass of the shoot, tap root, and fibrous roots.
There were three chamber runs at both ambient and elevated [CO 2 ] for each of the two field experiments, with the [CO 2 ] treatments rotated among chambers during the replicate chamber runs. For the "competitive" experiment, in each chamber run six pots were planted with seeds from each of the twelve field chambers in each of the two [CO 2 ] treatment chambers. Pots were thinned to one randomly selected seedling per pot a few days after emergence. Plants were grown for 35 -37 days from seeding. Leaf photosynthesis and stomatal conductance measurements were conducted as previously described on the day prior to harvest. Dark respiration (R) was also measured on the same leaves, at 15˚C, after 30 to 90 minutes of darkness, but only for plants grown at elevated [CO 2 ]. On day 35, the length, maximum width, area and dry mass of the leaf in which gas exchange had been measured were determined, along with the number of leaves exceeding 0.5 cm in length, and the total leaf area and dry mass of the shoot. For the "monoculture" experiment, fifteen pots were planted with seed of each of the four seed lots in each of two indoor chambers, with the indoor chamber [CO 2 ] treatments rotated among the two chambers in three successive replicate runs. Plants were grown for 35 days from planting, and the same parameters were measured as in the "competitive" experiment described earlier.
Statistics
In the tests of the mixed seed lot from four local habitats, there were no differences between chamber runs in the mean values of any of the measured plant parameters. Therefore the data from all three chamber runs were combined. Means and standard deviations were compared with those from seed lots collected from the ambient [CO 2 ] monoculture outdoor chambers after one and two years, and grown at 370 mol·mol -1 [CO 2 ] in the indoor chambers. When the hypothesis of homogeneity of variance was rejected using Bartlett's test for a given parameter, means were compared using Welch's test, otherwise means were compared using analysis of variance (JMP version 5, SAS Institute, Cary NC).
Statistical tests were conducted on the mean values (of 6 or 15 plants) for each outdoor chamber which were obtained in each indoor chamber run. For comparisons of seed lots from the different field chambers, these mean values were classified by the [CO 2 ] of the field chamber of origin and the indoor growth chamber replication. Two-way analysis of variance was used to test for differences among means of the [CO 2 ] of the field chambers, indoor chamber replication, and the interaction. In no case was the indoor chamber replication or the interaction term significant at the 5% level of probability. In the monoculture experiment, separate analyses were conducted for the two years of seed collection from the field chambers. 
Monoculture Experiment
The plants developed from the seeds collected from the four local habitats were extremely variable in physiology and in morphological characteristics when grown in the indoor controlled environment chambers at ambient [CO 2 ]. This is illustrated by the broad frequency distributions of plant traits (Figure 1) . After growth in monocultures in the field chambers at ambient CO 2 , the mean values of most traits differed from the initial population, and the variance was significantly lower for several of the traits ( Table 2) . Mean values of photosynthesis, stomatal conductance and leaf length also differed between years in the monoculture experiment ( Table 2) .
Mean dry mass of seeds was 0.51 mg per seed for seeds Seeds produced in the first year of the monoculture experiment produced plants which differed significantly in the shoot dry mass, total leaf area, and leaf number, when plants were grown at elevated [CO 2 ] in the indoor chambers (Table 3) , with faster growth in plants from elevated [CO 2 ] field chambers. There were no significant differences between seed lots from the ambient and elevated chambers in other traits measured, and no differences were found in any measured traits when plants were grown at ambient [CO 2 ] ( Table 3) . Seeds collected from the elevated [CO 2 ] field chambers in the second year of the monoculture experiment also produced plants with significantly higher shoot dry mass, leaf area, and leaf number than from the ambient chambers when grown at 720 mol·mol -1 [CO 2 ] ( Table 4 ). The plants from the elevated [CO 2 ] field chambers also had longer leaves, with larger area and higher leaf mass per unit of area. When these seed lots were grown at 370 mol·mol -1 , the only trait that differed significantly between ambient and elevated [CO 2 ] field chambers was leaf number ( Table 4 ).
Discussion
Besides ranging over a large geographical area, Taraxacum officinale is a very variable species even within small geographic areas. Some of the variation is assorted by local habitat conditions, such as light and soil water [18] . The plants grown from the samples of seeds collected from the four local habitats in this study showed remarkable variation in many traits when grown indoors under uniform conditions. The variation in T. officinale was much larger than in Plantago lanceolata [19, 20] ) or Anthoxanthum odoratum [20] collected from a range of habitats in Durham, NC. Seeds produced by plants grown in monocultures in the ambient [CO 2 ] field chambers had different mean values than the initial seed lot, and smaller variation for many plant traits. This indicates that certain genotypes in the original seed lot were better able to produce viable seeds under these field conditions than were other genotypes. The selection pressure of the field chamber environment was evidently not constant over years, because mean values of some parameters differed significantly between the first and second year in the field chambers. For example, mean leaf CO 2 assimilation rates were lowest in plants from the initial seed lot, highest after one year in the ambient [CO 2 ] field chambers, and intermediate in the second year ( Table 2) . It is not known whether such changes over time resulted from differences in weather between years or from increased plant density over time. This species seems to be ideally suited for population and physiological studies of what plant traits are favored in which environments.
Seed production was favored in different genotypes at elevated than at ambient [CO 2 ] in both the monoculture and the competitive experiments. This indicates that [CO 2 ] was a selective agent for this species. Comparing plants grown from seeds eliminates the potential problem of virus infection of vegetatively propagated material [20] . The most consistent characteristic of the genotypes selected for at elevated [CO 2 ] was faster leaf area and biomass production, and an increased rate of leaf initiation, when grown at elevated [CO 2 ]. Selection at elevated [CO 2 ] also resulted in plants with greater numbers of leaves when grown at elevated [CO 2 ] in Sanguisorba minor [14] . Similarly, higher relative growth rates were found in Plantago asiatica plants from sites with higher [CO 2 ] when grown in a common environment, due partly to a genetically determined higher leaf to root mass ratio [11] . The faster growth and leaf initiation in T. officinale could not be attributed to differences in leaf photosynthesis or respiration rates or to seed size differences. Transgenerational effects of growth at elevated [CO 2 ] on seedling growth were found in three species [21] , but with slower growth for seeds developed at elevated [CO 2 ]. Transgenerational effects were probably not involved in the observations reported here, based on the 
